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Is it possible for light, gravitationally-coupled 
degrees of freedom to exist while avoiding 
detection from local experiments?
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The end of cosmology?

“Does   CDM signify completion of the fundamental
physics that will be needed in the analysis of ...
future generations of observational cosmology?
Or might we only have arrived at the simplest
approximation we can get away with at the
present level of evidence?” 

Λ

- Prof. P. J. E. Peebles



A Richer Dark Sector

 Tantalizing prospect: quintessence (or any other light field) 
couples to both dark and baryonic matter.

 Dark energy candidates:

Λ

=⇒ ruled out? 

φ

, quintessence...

V (φ)

Ratra & Peebles (1988); Wetterich (1988);
Caldwell, Dave & Steinhardt (1998)



A Richer Dark Sector

 Tantalizing prospect: quintessence (or any other light field) 
couples to both dark and baryonic matter.

 Dark energy candidates:

Λ

=⇒ ruled out? 

ρhere ∼ 1030ρcosmos

Not so fast. Scalar fields can “hide” themselves from local 
experiments through screening mechanisms

φ

, quintessence...

V (φ)

Ratra & Peebles (1988); Wetterich (1988);
Caldwell, Dave & Steinhardt (1998)
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2. Experimental Program

U(r) = −g
M

8πM2
Pl

e−r/λ

r

Screening mechanisms invariably lead to small but potentially 
measurable effects in the solar system and/or in the lab



The Wholistic Picture...

∇2φ+m2φ = − g

MPl
Tµ

µ



∇2φ + m2φ =
g

MPl
ρ

The Wholistic Picture...



M2(ρ)∇2φ + φ =
g

MPl
ρ

chameleon

The Wholistic Picture...



K(ρ)∇2φ + m2φ =
g

MPl
ρ

Vainshtein/galileon

The Wholistic Picture...



g(ρ)∇2φ + m2φ =
MPl

ρ

symmetron

The Wholistic Picture...



Chameleon Mechanism
J. Khoury & Weltman, Phys. Rev. Lett. (2004);  
Gubser & J. Khoury, (2004)

Consider scalar field     with potential          and conformally-coupled to 
matter: 

φ V (φ)

where         is stress tensor of all matter (Baryonic and Dark)Tµ
µ

L = −1

2
(∂φ)2 − V (φ) + g

φ

MPl
Tµ
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Consider scalar field     with potential          and conformally-coupled to 
matter: 

φ V (φ)

where         is stress tensor of all matter (Baryonic and Dark)Tµ
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L = −1

2
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φ

MPl
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Veff(φ)

φ
V (φ)

∼ ρφ

∇2φ = V,φ +
g

MPl
ρ

For non-relativistic matter,                , hence

=⇒ Veff(φ) = V (φ) + g
φ

MPl
ρ

Tµ
µ ≈ −ρ



  Thus                 increases with increasing density

Laboratory tests => set       

Generally implies:                                   

m = m(ρ)

Density-dependent mass Veff(φ)

φ
V (φ)

∼ ρφ

Meanwhile, 

=⇒ ruled out by post-Newtonian tests?

m−1(ρsolar system) <∼ 10− 104 AU

m−1(ρlocal) <∼ mm

m−1(ρcosmos) <∼ Mpc

Veff(φ) = V (φ) + g
φ

MPl
ρ

e.g. V (φ) =
M5

φ
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Thin-shell screening

ρ = ρout ρ = ρin
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Thin-shell screening

ρ = ρout ρ = ρin

=⇒ φ(r > R) ∼ ∆R

R

g2

M2
Pl

M
r

where ∆R

R
=

φout − φin

6gMPlΦN
" 1 =⇒ thin-shell screening
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δφ ∼ δM
r

e−mr

Thin-shell screening

ρ = ρout ρ = ρin

=⇒ φ(r > R) ∼ ∆R

R

g2

M2
Pl

M
r

where ∆R

R
=

φout − φin

6gMPlΦN
" 1 =⇒ thin-shell screening

But small objects =⇒ no thin-shell

=⇒ Geff
N = GN(1 + 2g2) in space !



Smoking Guns

 STEP (???)
∆GN

GN
< 10−6

∆GN

GN
∼ O(1)



Smoking Guns

 STEP (???)
∆GN

GN
< 10−6

∆GN

GN
∼ O(1) MICROSCOPE (2012)

∆a

a
< 10−15

 Galileo Galilei (???)

∆a

a
< 10−17

∆a

a
< 10−18

∆a

a
> 10−13



Strong coupling? Veff(φ)

φ
V (φ)

∼ ρφ

M = 10−3 eV

Perturb around minimum:

V = V̄ + . . .+
δφn

Λn−4
+ . . .

where
Λ

M
=

(
φ̄

M

) n+1
n−4

=

(
M2

m2

) n+1
3(n−4)

>

(
M2

m2

) 1
3

 Cosmologically:

 Lab:

m ∼ Mpc−1 =⇒
=⇒ Λ ∼ 10−3 eV

Λ ∼ 105 GeV

m ∼ 10−3 eV

V (φ) =
M5

φ

J. Khoury, A. Upadhye & W. Hu, to appear



Relation to f(R) gravity

S =
M2

Pl

2

∫
d4x

√
−g̃f(R̃) + Smatter[g̃µν ]

Special case of chameleon theories:

S =
M2

Pl

2

∫
d4x

√
−g̃

{
f(ψ) +

df

dψ
(R̃− ψ)

}
+ Smatter[g̃µν ]

Varying wrt to ψ =⇒ ψ = R̃

Carroll, Duvvuri, Trodden & Turner (2004);
Capozziello, Carloni & Troisi (2004)
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Chameleon Searches

 Eot-Wash 

 CHameleon Afterglow SEarch (CHASE), Fermilab

Adelberger et al., 
Phys. Rev. Lett. (2008)

Chou et al., Phys. Rev. Lett. (2008,2010)



 Active Galactic Nuclei
C. Burrage et al., Phys. Rev. Lett. (2009)

Photons -> Chameleon conversions increase 
scatter in empirical luminosity relations

4

FIG. 3: Shaded region: 90% confidence limit excluded pa-
rameters for scalar chameleons from ADMX search. Dashed
lines: upper and lower exclusion bounds from Ref. [12].

longer time, more chameleon masses could be explored
at a rate of 10−3 µeV per day at the same sensitivity.
In summary, we used ADMX to demonstrate the via-

bility of microwave cavity searches for chameleon scalars.
Couplings of 2× 109 < βγ < 5 × 1014 were excluded for
chameleons with an effective mass in the cavity between
1.9510 and 1.9525 µeV. This technique is sensitive only
to a narrow range of masses at each tuning setting, so
it is most useful if a precise theoretical prediction can
be made, or to confirm potential positive signals seen in

other chameleon searches, such as those performed with
lasers or short-range gravity experiments.

ADMX will be upgraded soon from a system noise tem-
perature of 3 K to an improved noise temperature of
200 mK by cooling the cavity to 100 mK, reducing the
black body noise, and by lowering the temperature of the
SQUID amplifier to 200 mK [25]. With a modest increase
in excitation power, this would lead to an improvement
on the lower bound of chameleon-photon coupling by an
order of magnitude. Much stronger couplings could be
probed by a faster RF switching technique or lower mag-
netic field. Even smaller chameleon-photon couplings can
be probed by exciting the cavity for a longer time, but
this impacts the speed over which masses can be scanned
by a factor of 100 for every factor of ten improvement in
chameleon-photon coupling sensitivity. An accurate pre-
diction of chameleon mass is still necessary to complete
a search in a timely manner.
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